The Chinese word identification and sentence intelligibility are evaluated by grades 3 and 5 students in the classrooms with different reverberation times (RTs) from three primary school under different signal-to-noise ratios (SNRs). The relationships between subjective word identification and sentence intelligibility scores and speech transmission index (STI) are analyzed. The results show that both Chinese word identification and sentence intelligibility scores for grades 3 and 5 students in the classroom increased with the increase of SNR (and STI), increased with the increase of the age of students, and decreased with the increase of RT. To achieve a 99% sentence intelligibility score, the STIs required for grades 3, grade 5 students, and adults are 0.71, 0.61, and 0.51, respectively. The required objective acoustical index determined by a certain threshold of the word identification test might be underestimated for younger children (grade 3 students) in classroom but overestimated for adults. A method based on the sentence test is more useful for speech intelligibility evaluation in classrooms than that based on the word test for different age groups. Younger children need more favorable classroom acoustical environment with a higher STI than older children and adults to achieve the optimum speech communication in the classroom.
Introduction
The acoustical environments in elementary school classrooms have an important role in developing the ability of learning and cognition of children. Evidence shows that poor room acoustical environment, such as excessive noise and reverberation, reduces the speech intelligibility in a classroom, interrupts the verbal communication between teachers and children, and has a negative influence on the memory of children (Hygge, 2003) . Thus, high speech intelligibility is essential in classrooms. Background noise, reverberation time and SNR all have a critical impact on speech communication in the classroom. Many studies had investigated speech intelligibility in classrooms (Bradley, 1986; Houtgast, 1981; Bradley, Sato, 2008; Tang, Yeung, 2004; Brachmanski, 2008; 2012; Astolfi et al., 2012 , Peng et al., 2015 and the relationship between speech intelligibility scores and objective acoustical indices, such as speech transmission index (STI), A-weighted signal-to-noise ratio (SNR(A)) and useful/detrimental sound ratio for different language (Houtgast, 1981; Bradley, 1986; Anderson, Kalb, 1987; Brachmański, 2004; Peng et al., 2015) . Houtgast (1981) conducted a series of speech intelligibility tests in classrooms for teachers and children aged 8 to 15 years under a variety of road traffic noise conditions with reverberation times (RTs) from 0.7 s to 1.5 s. The relationship between SNR(A) and speech intelligibility scores for Dutch was reported. Bradley (1986) investigated speech intelligibility using the English Fairbank rhyme test in realistic elementary classrooms with RTs from 0.39 s to 1.20 s for children aged 12 to 13 years through a small loudspeaker with its directivity similar to a human's mouth. The relationship between English speech intelligibility scores and SNR(A), useful/detrimental sound ratios were founded, respectively. Bradley and Sato (2008) likewise performed a series of speech intelligibility tests using the Word Identification by Picture Identification test for children in grades 1, 3, and 6 in realistic elementary school classrooms. The relationship between SNR(A) and English speech intelligibility scores was also revealed. Astolfi et al. (2012) explored Italian speech intelligibility using a diagnostic rhyme test in four elementary classrooms with different RTs for children aged 7 to 10 years old. The relationship between STI and Italian speech intelligibility scores was also built. The results showed that children in grade 2 understood fewer words than children in the higher grades when the STI was lower. Peng et al. (2015) investigated the Chinese speech intelligibility of elementary school children from grades 2, 4 and 6 with noise and reverberation in 28 active elementary classrooms in 9 different elementary schools. The relationship between Chinese speech intelligibility scores and STI was obtained.
However, a limitation of word lists for evaluating the effects of noise and reverberation on speech identification is that the test materials are not presented in a manner representative of a children's everyday speech communication in the classroom (Yacullo, Hawkins, 1987) . Kitapci and Galbrun (2014) revealed that there is a significant difference among the subjective word identification scores of English, Polish, Arabic and Mandarin, but no statistically significant difference among the subjective sentence intelligibility scores of these languages. There are two basic operations involved in the identification of words in sentences (Stuart, 2008) . One is the initial processing of acoustic-phonetic information, the other is the utilization of linguistic-situational information of speech (Stuart, 2008; Kalikow et al., 1977) . If the purpose of speech intelligibility test is to assess everyday vocal communication ability in realistic classroom acoustical environments, the information obtained from isolated words will be limited. It is more important to identify and understand the meaning of a sentence than to recognize the single word. Yacullo and Hawkins (1987) used sentence materials to examine the effects of noise (SNR = +2 and +6 dB) and RTs (0.0 and 0.8 s) on monaural speech identification in normalhearing school-aged children (aged 8-10 years). Results revealed that the typical acoustic conditions existing in classrooms do not permit adequate speech identification. The introduction of a typical level of classroom reverberation significantly reduced speech identification in both levels of noise. Ozimek et al. (2013) investigated the speech intelligibility for different configurations of a target signal (speech) and masker (babble noise) using a Polish sentence test. The best performance in speech intelligibility was found for the binaural mode. Stuart (2008) investigated sentence intelligibility in noise by school-age children. Reception thresholds for sentences were determined in quiet and in backgrounds of competing continuous and interrupted noise. Results show that children are more adversely affected by noise and needed greater SNR in order to perform as well as adults.
Sentence materials provide more realistic listening conditions for everyday communication in classrooms. Kociński and Ozimek (2015) measured sentence and logatome speech intelligibility in rooms with induction loop for hearing aid users. Their results show that a sentence test is a more useful tool for speech intelligibility measurements in a room than logatome test. The studies mentioned above are based on Western languages, the results may not be suitable for children in China because Chinese is a tonal language that is different from Western languages. In this study, the word identification and sentence intelligibility were evaluated by children in three realistic primary school classrooms with different RTs under different SNRs conditions. The word identification and sentence intelligibility scores were compared and analyzed.
Experimental methods

Classrooms
Three rectangular classrooms were selected. Their dimensions were 9.35 × 7.90 × 3.70 m in 500∼2000 Hz octave band at the listening positions in classrooms A, B and C were measured, and are shown in Table 1 . 
Word identification and sentence intelligibility test
The word identification test used Mandarin Chinese test word lists as specified by GB 4959 (1985) . The test used 25 five-word rows of similar-sounding Chinese monosyllabic words and was similar to modified rhyme test of English. The five words in each row were randomly arranged and differed only in the initial consonant sound (for example, hao, sao, gao, zao, kao). Thirteen word lists were derived from five basic word lists. One list was used as a practice list for students, the remaining twelve word lists were used for the test. The test word in carrier sentence was "The × row reads −". The "×" stands for row number and "−" stands for a test word. Chinese Mandarin Hearing in Noise Test (MHINT) (Wong et al., 2007) was used for the sentence intelligibility test. Every list contained 10 test sentences and each sentence was composed of 10 target words, for example, " (This team enters the finals at last)". All word and sentence test lists were recorded at the rate of 4.0 words per second in an anechoic chamber by using an omni-directional precision microphone at a distance of 0.5 m from the male speaker. All recordings were edited by CoolEdit Pro. For the word test signal, a ten-second interval of silence between two adjacent carrier sentences was added to allow subjects to mark the test word that they had heard on the test paper. For the sentence test, a thirty-second interval of silence between two adjacent test sentences was added to allow subjects to write the test sentence that they had heard.
Based on the average speech spectrum of test word signals and test sentence signals, the corresponding speech-shaped noises were selected for the tests. The SNR was made equal for all selected frequency bands using speech-shaped noise with a frequency spectrum equivalent to the long-term speech spectrum. The test signals recorded in an anechoic chamber and speechshaped noise were mixed with six different SNRs (i.e. 0 dBA, 5 dBA, 10 dBA, 15 dBA, 20 dBA and ∞), then were reproduced by a JBL-LSR6325P loudspeaker with its directivity similar to the human mouth. The SNR ∞ means ambient noise only (ANO) for the test.
At this case, no speech-shaped noise was mixed with the test signals and the ambient noise was the only noise source for the test in the classroom. The speech level was set to 70 dBA in 0 dBA, 5 dBA, 10 dBA, 15 dBA SNRs and ANO case, and 75 dBA in 20 dBA SNR case. For each case, two test lists were used. During the test, speech and noise signals were recorded at each listening position in every classroom. These recordings were used to determine speech and noise levels for calculating the STI at each listening position in every test condition.
Subjects
All children were randomly selected from grades 3 (8 to 9 years old) and 5 (10 to 11 years old) students in those primary schools participated in the test, respectively. They were representative of general listening audiences. No hearing tests for children were performed before the speech identification test. All children reported that they have no known hearing problems and can speak and understand standard Mandarin Chinese. They received a few minutes of instruction prior to the tests. For each testing condition, the subjects evenly sat around listening positions in each classroom. An average of the correct word identification and sentence intelligibility scores across all subjects and two lists were obtained for each testing condition.
Results
The subjective Chinese word identification and sentence intelligibility at the listening position for grades 3 and 5 students was conducted in three classrooms with the different SNRs. Figure 2 shows the Chinese word identification and sentence intelligibility scores and their standard deviations (SDs) in different classrooms and different SNRs, respectively.
It can be seen from Fig. 2 that, both Chinese word identification and sentence intelligibility scores for grades 3 and 5 students in the classroom increased with the increase of SNRs and decreased with the increase of RTs. The result was in good agreement with that of existing studies for Western languages (Bradley, 1986 . The Chinese word identification and sentence intelligibility scores also increased with the increase of the age of students. Figure 3 shows that the difference between word identification scores and sentence intelligibility scores under the same test condition. Under five of the 18 test conditions, the sentence intelligibility scores were lower than the word identification scores for grade 3 students. For grade 5 students, the sentence intelligibility scores were lower than the word identification scores under one test conditions only. Table 2 . To compare the difference in scores from different age groups, the re lationship between STI and Chinese word identification and sentence intelligibility scores of adults was 
Discussions
The results shown in Fig. 2 revealed that the older the children are the higher the word identification and sentence intelligibility scores under the same STI condition. The word identification in a sentence is constrained by phonetic input and context. In general, listeners can utilize different sources of knowledge about the structure of spoken language, including phonological, prosodic, lexical, semantic, syntactic, and situational, to constrain word choice. However, the age and language background (literacy) of children could affect children's speech identification in a room (Neuman, 1983) . Sentence intelligibility test requires children to extract both word and semantic information from the test speech signal, as well as acoustical information. In the present study, the age of grade 3 and grade 5 students was from 8 to 11 years old, however, their auditory function, which gradually develops with the age, may not mature until 13 to 15 years old (Neuman, 1983) . Younger children are less able to use stored phonological knowledge to reconstruct degraded speech input by reverberation and noise than older children and adults. Additionally, younger children are particularly vulnerable to perceptual difficulties in the presence of acoustical interference such as long reverberation and high background noise level. They therefore require better acoustical environments than adults do to achieve equivalent word identification and sentence intelligibility scores. Besides, younger children find it harder to concentrate on the beneficial auditory information (Talarico et al., 2006) , which could lead to the differences of speech identification ability among the different age groups. The combination of the factors mentioned above brought about that Chinese word identification and sentence intelligibility scores increased with the increase of age. It additionally illustrates that the sentence intelligibility scores were lower than the word identification scores in 0 dBA SNR condition for grade 3 students.
Word identification scores for children were examined as a function of STI by Astolfi et al. (2012) . They used a diagnostic rhyme test (DRT) to obtain the Italian word identification scores in existing classrooms with RT from 0.37 s to 1.54 s. In the study of Astolfi et al. (2012) grade 3, 4, and 5 students (nominally 8-10 years old) were considered as one group. The best-fit curve between STI and Italian word identifications scores was described by a logarithmic curve. The curve between STI and Italian word identifications scores from the group was compared with the results from grade 3 (8 to 9 years old) and grade 5 (10 to 11 years old) students in the present study (Fig. 6 ). It can be seen from Fig. 6 that all curves indicate speech intelligibility scores increasing with the increase of STI value. There is a critical value where Chinese and Italian word identification scores were the same. Chinese word identification tended to show higher scores than Italian word identification above the critical value. However, below the critical value, Italian word identification scores were higher than Chinese word identification scores. The STI critical value for the transition varied with age of students. For instance, for grade 3 students the critical value of STI was 0.39, for grade 5 students it was 0.48. The differences in word identification scores between Chinese and Italian are related to subjects, languages, type of noise source, test methods, fitting methods, word lists, speech level and test conditions.
In Fig. 5 the performance of the three age groups can be compared by considering the required STI for each group to achieve near-ideal conditions for speech communication. For the results of sentence intelligibility tests, a sentence intelligibility score of 99% correct is used to indicate near-ideal conditions, because 99% correct scores are readily achievable in high STI (high SNR and short RT) conditions. Figures 2b and 5 show that all three age groups are capable of obtaining higher scores than a 99% in very high STI conditions. The mean trend in Fig. 5 shows that the adults could achieve 99% correct sentence intelligibility scores for a STI of 0.51. However, the grade 5 students required 0.61 STI and the grade 3 students required 0.71 STI to obtain a mean sentence intelligibility score of 99% correct. The grade 3 and 5 students would need a 0.2 and 0.1 greater STI value to obtain the same sentence intelligibility scores as the adults. For word tests, Bradley and Sato (2008) pointed that a word identification score of 95% correct is used to indicate near-ideal conditions. According to Fig. 4 , to achieve 95% Chinese word identification scores, the STIs required for grade 3, grade 5 students, and adults are 0.66, 0.61, and 0.56, respectively. STI values for nearideal conditions determined from sentence intelligibility score and word identification scores for grade 5 students are approximately the same in classrooms. However, there is a difference in the required STI values between word and sentence tests for grade 3 students and adults. For adults, the STI determined from the sentence intelligibility test was lower than from the word identification test. But for grade 3 students the STI determined from the sentence intelligibility test was higher than from the word identification test. The result seems to show that the required objective acoustical index determined by a certain threshold of word identification scores might be underestimated for younger children (grade 3 students) in the classroom, but overestimated for adults. In fact, it can be found from Fig. 4 that a STI of 0.71 and 0.51 corresponding Chinese word identification scores were about 96% and 93% for grade 3 students, and adults, respectively. The result demonstrates that a 93% word identification score can achieve a 99% the sentence intelligibility score for the adults, but for grade 3 students, a 96% word identification score was needed to obtain a 99% sentence intelligibility score. This shows that different age groups require different word identification scores to obtain the same sentence intelligibility scores. Younger children (grade 3 students) need a higher word identification score to achieve near-ideal conditions (99% sentence intelligibility score), comparable to adults. Moreover, in the classroom it is more critical for children to clearly identify a sentence and to understand its meaning, than to recognize the single word. The method that required objective acoustical index (such as STI and SNR(A)) for different age group were determined by a 95% word identification score (Bradley, Sato, 2008; Astolfi et al., 2012; Peng et al., 2015) , might not be optimal for children in classrooms. A certain threshold based on the sentence intelligibility score for different age groups to determine the required objective acoustical index may be more objective and practicable. This showed that a method based on the sentence test is more useful for speech communication evaluation in classrooms than that based on the word test for different age groups. To achieve the optimum sentence intelligibility and the best speech communication in classroom, the younger children require a higher STI than older children and adults.
Conclusions
The word identification and sentence intelligibility were evaluated by grade 3 and grade 5 students in three realistic primary classrooms with different RTs under different SNRs conditions. The word identification and sentence intelligibility scores were obtained and analyzed under different test conditions. The results showed that both Chinese word identification and sentence intelligibility scores for grades 3 and 5 children in the classroom increase with the increase of SNR, decrease with the increase of RT, and also increase with the increase of the age of students. Compared with Italian, Chinese word identification for grade 3 and grade 5 students tended to show higher scores than Italian word identification for the group with grade 3, 4 and 5 students above the critical value. But, below the critical value, Italian word identification scores for the group with grade 3, 4 and 5 students were higher than Chinese word identification scores for grade 3 and grade 5 students. The STI critical value for grade 3 and grade 5 students was 0.39 and 0.48, respectively. The relationship between STI and Chinese word identification and sentence intelligibility scores showed that the scores increase as the STI and the age increase. To achieve 99% sentence intelligibility score, the STIs required for grade 3, grade 5 students, and adults are 0.71, 0.61, and 0.51, respectively. The required objective acoustical index determined by a certain threshold of word identification scores might be underestimated for younger children (grade 3 students) in classroom, but overestimated for adults. A method based on the sentence test is more useful for speech intelligibility evaluation in the classrooms than that based on the word test for different age groups. To achieve the optimum sentence intelligibility and the best speech communication in classrooms, younger children need more favorable classroom acoustical environment with a higher STI than older children and adults.
